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containing: reacting aryl halides, heteroaryl halides or alk-
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palladium catalyst to obtain a crude product, and subse-
quently distillatively puritying the crude product in the pres-
ence of a compound having at least one NC=—S group.
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METHOD FOR PRODUCING ARYL,
HETEROARYL, OR
ALKENYL-SUBSTITUTED UNSATURATED
HYDROCARBON

TECHNICAL FIELD

The present invention relates to a method for industrially
producing aryl-, heteroaryl- or alkenyl-substituted unsatur-
ated hydrocarbons in a high yield by a coupling reaction of
aryl halides, heteroaryl halides or alkenyl halides waith
alkynes or alkenes by using a palladium catalyst.

BACKGROUND ART

The arvl-, heteroaryl- or alkenyl-substituted unsaturated
hydrocarbons are useful as a physiological active substance
(e.g., medicine, agrichemical), a functional material (e.g.,
liquid crystal material, electronic material, optical material,
photographic additive, thermosetting resin), or a synthetic
intermediate thereof (see, for example, Patent Documents 6 to
9).

The arvl- or alkenyl-substituted unsaturated hydrocarbons
are obtained, for example, by reacting aryl halides or alkenyl
halides with alkynes or alkenes 1n the presence of a palladium
catalyst (so-called Sonogashira coupling or Mizoroki-Heck
reaction).

As for the production method of aryl- or alkenyl-substi-
tuted unsaturated hydrocarbons by Sonogashira coupling, a
large number of proposals have been made. For example,
Patent Document 1 discloses a method of reacting an aro-
matic halide and an acetylene compound 1n the presence of a
palladium catalyst, a copper salt, a base and a compound
capable of releasing a halogen 1on, subsequently adding
dilute hydrochloric acid and an organic solvent to effect liquid
separation, and puritying the organic phase by silica gel col-
umn chromatography to produce an aromatic acetylene com-
pound.

Patent Document 2 discloses a method of performing a
coupling reaction of alkynes having a methine group at the
terminal and an organic compound having a leaving group
such as halogen group in the presence of a catalyst containing
a transition metal element such as palladium, an norganic
salt, and a ligand such as triarylphosphine or iminophosphine
compound, subsequently separating the product from the
reaction mixture by using high-performance liquid chroma-
tography for sampling, and puriiying the product by using gel
permeation chromatography to obtain the objective coupling,
reaction product.

In the production methods described 1n Patent Documents
1 and 2, purification by extraction and chromatography 1is
employed, but chromatography 1s unsuited for mass produc-
tion.

Patent Document 3 discloses a production method of phe-
nylalkynes, comprising steps of reacting a halophenol and an
acetylene compound in the presence of an amine solvent, a
palladium complex catalyst and a copper salt, adding dilute
hydrochloric acid to the obtained reaction mixture to efl

ect
liquid separation and remove hydrogen chlonde, subse-
quently adding an amino compound capable of forming a
complex with palladium and copper, and removing the pro-
duced palladium complex and copper complex. Patent Docu-
ment 5 discloses a method for synthesizing an acetylene
compound having a nitrogen-containing aromatic group by a
reaction of ethynylpyridines and haloaryls 1n the presence of
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a palladium catalyst and a copper catalyst. In the production
methods described in Patent Documents 3 and 5, extraction
for purification 1s employed.

Patent Document 4 discloses a method for producing an
arylalkyne compound by reacting an aryl halide such as 10dot-
oluene with an amino group-containing acetylene compound

such as N-(2-propynyl)piperidine in the presence of a palla-
dium catalyst, a base and a copper(l) salt, subsequently
removing the solvent under reduced pressure, washing the
residue, and finally performing distillative purification. In the
production method described in Patent Document 4, distilla-
tion for purification 1s employed.

RELATED ART

Patent Document

Patent Document 1: JP-A-10-114691

Patent Document 2: JP-A-2005-254092

Patent Document 3: U.S. Pat. No. 4,540,333

Patent Document 4: JP-1-2005-500392

Patent Document 5: JP-A-2006-248943

Patent Document 6: W0O2003/018538

Patent Document 7: JP-A-5-25163

Patent Document 8: JP-A-5-39250
JP-A-4-225952

Patent Document 9:

SUMMARY OF THE INVENTION

Problems that the Invention 1s to Solve

Distillation 1s a very eflective method as the method for
industrially 1solating and purifying a product. It1s suitable for
industrial mass production to distillatively purity a coupling
reaction product of aryl halides, heteroaryl halides or alkenyl
halides with alkynes or alkenes as 1n the production method
described in Patent Document 4. According to the studies by
the present inventors, aryl-, heteroaryl- or alkenyl-substituted
unsaturated hydrocarbon could be obtained 1n a high yield by
distillative purification on a small scale. However, when dis-
tillative purification 1s performed on a large scale commen-
surate with industrial production, the yield of aryl-, het-
croaryl- or alkenyl-substituted unsaturated hydrocarbons was
sometimes greatly reduced.

An object of the present invention 1s to provide a method
capable of producing aryl-, heteroaryl- or alkenyl-substituted
unsaturated hydrocarbons (that 1s, arylalkynes, arylalkenes,
heteroarylalkynes, heteroarylalkenes, alkenylalkynes or alk-
enylalkenes) by a coupling reaction between aryl halides,
heteroaryl halides or alkenyl halides and alkynes or alkenes
with use of a palladium catalyst, 1n a high vield even for
industrial large-scale production.

Means for Solving the Problems

The present 1inventors have made intensive investigations
to attain the above-described object, as a result, 1t has been
discovered that 1n the distillative purification for large-scale
production, the product is heated at a higher temperature for
a longer time than in the small-scale production and when a
palladium catalyst or a decomposition product thereof
remains in this heated state, the coupling reaction product 1s
decomposed.

Then, the present inventors have found that when distilla-
tive purification 1s performed 1n the presence of sodium dieth-
yldithiocarbamate, decomposition of the product 1s inhibited
and reduction 1n the yield 1s suppressed. Furthermore, the
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present inventors have found that reduction in the yield can be
suppressed not only 1n case of sodium diethyldithiocarbamate
but also 1n case of using 1ts generalized compound, that 1s, a
compound having at least one NC=—S group. The present
invention has been accomplished based on these findings.
That 1s, the present invention 1s a method for producing
aryl-, heteroaryl- or alkenyl-substituted unsaturated hydro-
carbons, comprising reacting aryl halides, heteroaryl halides
or alkenyl halides with alkynes or alkenes 1n the presence of
a palladium catalyst to obtain a crude product, and subse-

quently distillatively puritying the crude product in the pres-
ence of a compound having at least one NC=—S group.

Advantage of the Invention

According to the present invention, aryl-, heteroaryl- or
alkenyl-substituted unsaturated hydrocarbons can be pro-
duced by a coupling reaction between aryl halides, heteroaryl
halides or alkenyl halides and alkynes or alkenes with use of
a palladium catalyst, 1n a high yield even for industrial large-
scale production.

The reason for offering such an effect 1s not clearly known
but can be presumed as follows. The compound having at
least one NC=—S group, such as dithiocarbamates and thio-
ureas, 1s known to coordinate to palladium and produce a
solvent-insoluble palladium complex (U.S. Pat. No. 7,300,
639). It 1s considered from this knowledge that palladium
derived from the residual palladium catalyst or a decomposi-
tion product thereof 1n the product solution subjected to dis-
tillative purification 1s converted mnto a solvent-insoluble pal-
ladium complex by the compound having at least one NC=—5
group, as a result, the reaction activity of palladium 1s reduced
and even when the product 1s heated at a high temperature for
a long time, 1ts decomposition reaction does not proceed any
more.

Mode for Carrying Out the Invention

The method for producing aryl-, heteroaryl- or alkenyl-
substituted unsaturated hydrocarbons of the present invention
comprises reacting aryl halides, heteroaryl halides or alkenyl
halides with alkynes or alkenes 1n the presence of a palladium
catalyst to obtain a crude product, and distillatively puritying
the crude product 1n the presence of a compound having at
least one NC—S group.

The aryl halides and heteroaryl halides for use in the
present invention are an aromatic compound and a heteroaro-
matic compound, which are substituted with at least one
halogen atom (leaving group). Here, the aromatic compound
and heteroaromatic compound are a compound containing a
ring having (4n+2) (wherein n represents a natural number)
n-clectrons. Accordingly, the aromatic compound includes
benzene, naphthalene or the like. The heteroaromatic com-
pound 1s a compound having an aromatic ring containing a
heteroatom selected from a nitrogen atom, a sulfur atom, an
oxygen atom and the like, that 1s, includes, for example,
pyridine, pyrimidine, pyrrole, indole, thiophene, or furan.
The aryl halides and heteroaryl halides are preferably an
aromatic compound and a heteroaromatic compound, where
at least one halogen atom (leaving group) is bonded to the sp~
carbon.

The alkenyl halides for use 1n the present mnvention are an
alkene compound where at least one halogen atom (leaving
group) is bonded to the sp” carbon. Examples of the non-
halogen-substituted alkene compound 1nclude ethylene, pro-
pylene, 1-butene, 2-butene, 1-heptene, 2-heptene and cyclo-
hexene.
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The halogen atom includes a fluorine atom, a chlorine
atom, a bromine atom and an 10dine atom. As for the halogen
atom substituted on, a halogen atom having a larger atomic
weight 1s higher 1n the activity for a coupling reaction. For
example, 1n case of an aromatic compound substituted with 3
fluorine atoms and 1 chlorine atom, the coupling reaction 1s
liable to occur 1n the chlorine atom moiety.

The aryl halides, heteroaryl halides and alkenyl halides for
use 1n the present invention may have a substituent other than
a halogen atom.

Examples of the substituent other than a halogen atom
include an alkyl group such as methyl group and ethyl group:;
an aryl group such as phenyl group and naphthyl group; a
cyano group; a carboxyl group; an alkoxycarbonyl group
such as methoxycarbonyl group; an aryloxycarbonyl group
such as phenoxycarbonyl group; a carbamoyl group; a sub-
stituted carbamoyl group such as N-phenylcarbamoyl group
and N,N-dimethylcarbamoyl group; an alkylcarbonyl group
such as acetyl group; an arylcarbonyl group such as benzoyl
group; a nitro group; an amino group; a substituted amino
group such as dimethylamino group and anilino group; an
acylamino group such as acetamide group and ethoxycarbo-
nylamino group; a sulfonamide group such as methane-
sulfonamide group; an 1mide group such as succinimide
group and phthalimide group; an 1mino group such as ben-
zylideneamino group; a hydroxy group; an alkoxy group such
as methoxy group; an aryloxy group such as phenoxy group;
an acyloxy group such as acetoxy group; an alkylsulifonyloxy
group such as methanesulionyloxy group; an arvlsulfonyloxy
group such as benzenesulfonyloxy group; a sulfo group; a
sulfamoyl group; a substituted sulfamoyl group such as
N-phenylsulfamoyl group; an alkylthio group such as meth-
ylthio group; an arylthio group such as phenylthio group; an
alkylsulfonyl group such as methanesulfonyl group; and an
arylsulfonyl group such as benzenesulfonyl group.

When an electron-attracting substituent 1s bonded as the
substituent other than a halogen atom, the coupling reactivity
1s greatly increased. Examples of the electron-attracting sub-
stituent 1nclude a halogen atom different from the halogen
atom participating in the coupling reaction, a cyano group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a substi-
tuted or unsubstituted carbamoyl group, an alkylcarbonyl
group, an arylcarbonyl group, a nitro group, a substituted or
unsubstituted sultamoyl group, an alkylsulfonyl group, and
an arylsulfonyl group.

The alkynes for use in the present ivention are a com-
pound having sp carbon. Examples thereof imnclude a com-
pound having a methine group at the terminal (for example,
can be represented by formula I: R'==CH (wherein R' repre-
sents an organic group or a hydrogen atom)), and an organic
metal compound having a terminal methine group substituted
with a metal such as zinc and tin (for example, can be repre-
sented by formula II: R'==CM (wherein R' represents an
organic group or a hydrogen atom, and M represents a metal
clement-containing group)). Among these, the production
method of the present imvention 1s preferably applied to
alkynes having a hydrogen atom on the a-position of the
alkyne bond.

The alkenes for use in the present mvention are a com-
pound having sp” carbon. Examples of the alkenes include a
compound having an ethenyl group at the terminal (for
example, can be represented by formula III: R',C—CH,
(wherein each of two R's independently represents an organic
group or a hydrogen atom)). Specific examples thereof
include ethylene, propylene, 1-butene, 1-heptene and 1-hex-
ene. In the Mizoroki-Heck reaction, a compound having an
cthenyl group at the terminal 1s preferably used.
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In formulae I, II and III, examples of the organic group
represented by R' include an aliphatic hydrocarbon group
such as alkyl group (e.g., methyl group, ethyl group, propyl
group, butyl group, and tert-butyl group) and alkenyl group
(e.g., vinyl group, propenyl group, allyl group, and butenyl
group); an alicyclic hydrocarbon group such as cycloalkyl
group (e.g., cyclohexyl group, and cyclooctyl group),
cycloalkenyl group (e.g., cyclohexenyl group), cycloalkadi-
enyl group (e.g., cyclohexedienyl group), cycloalkylalkyl
group (e.g., cyclohexylmethyl group), cycloalkenylalkyl
group (e.g., cyclohexenylmethyl group) and cycloalkadieny-
lalkyl group (e.g., cyclohexadienylmethyl group); and an aro-
matic hydrocarbon group such as aryl group (e.g., phenyl
group, and naphthyl group) and aralkyl group (e.g., benzyl
group, and phenethyl group). These hydrocarbon groups may
have an unsaturated bond such as double bond or triple bond
in the molecule or may have a heteroatom (for example, O, N,
S, P, Sn, B or S1 atom).

The hydrocarbon group above may have a substituent such
as hydroxyl group, alkoxy group, aryloxy group, acyl group,
carboxyl group, alkoxycarbonyl group, aryloxycarbonyl
group, amino group, N-substituted amino group, nitro group,
cyano group and halogen atom.

In formula II, examples of the metal element-containing,
group represented by M include chlorozinc (ClZn—), trim-
ethyltin ((CH;);Sn—) and tributyltin (C,H);Sn—).

In the coupling reaction of aryl halides, heteroaryl halides
or alkenyl halides with alkynes or alkenes, the methine group
or metal-substituted terminal methine group 1n the alkynes or
the ethenyl group 1n the alkenes 1s preferably used 1n a ratio to
account for 0.7 to 1.3 mol per mol of the leaving group 1n the
aryl halides, heteroaryl halides or alkenyl halides.

As the palladium catalyst, a known catalyst for use 1n the
Sonogashira coupling or Mizoroki-Heck reaction can be
used. For example, a palladium compound such as O-valent or
divalent palladium metal or a salt (including a complex)
thereol may be used. The palladium catalyst may be sup-
ported on a support such as activated carbon. Examples of the
palladium compound which 1s preferably used include palla-
dium (0)/carbon, palladium(IIl) acetate, palladium(IIl) chlo-
ride, palladium(II) acetylacetonate, bis(triphenylphosphine)
palladium(II) chlonide, tris(dibenzylideneacetone)
dipalladium(0), tetrakis(triphenylphosphine)palladium(0),
PdCL,(PPh,),, and Pd(OAc),.(PPh,), (incidentally, Ph repre-
sents a phenyl group, and OAc represents an acetoxy group).
Among these, tetrakis(triphenylphosphine)palladium(0) 1s
particularly preferably used. The palladium catalystis used in
an amount of preferably from 0.001 mmol to 1 mol, more
preferably from 0.01 mmol to 0.01 mol, and still more pret-
erably from 0.01 mmol to 0.05 mol, per mol of the aryl
halides, heteroaryl halides or alkenyl halides.

In the present invention, a monovalent or divalent copper
salt, preferably a monovalent copper salt, may be used
together with the palladium catalyst. Of copper salts, copper
(I) chloride 1s preferred. The copper salt can be used 1n an
amount of preferably from 0.1 mmol to 0.1 mol per mol of the
aryl halides, heteroaryl halides or alkenyl halides.

In the present invention, the reaction can be performed by
adding a phosphine-based ligand together with the palladium
catalyst. Examples of the phosphine-based ligand include
triarylphosphine, diarvlalkylphosphine, aryldialkyiphos-
phine, trialkylphosphine and iminophosphine. Among these,
triphenylphosphine 1s preferred. A bidentate ligand having
two phosphorus atoms 1n the molecule may be also used. The
phosphine-based ligand can be used 1n an amount of prefer-
ably from 0.1 mmol to 0.1 mol per mol of the aryl halides,
heteroaryl halides or alkenyl halides.
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In the present invention, the reaction 1s preferably per-
tormed by further adding a base. Examples of the base which
can be used include sodium hydroxide, sodium carbonate,
sodium hydrogencarbonate, potassium hydroxide, potassium
carbonate, potassium hydrogencarbonate, sodium hydride,
sodium methoxide, sodium ethoxide, sodium tert-butoxide,
potassium tert-butoxide, and an organic base such as triethy-
lamine, diethylamine, piperidine, pyrrolidine, 1,8-diazabicy-
clo[5.4.0]-7-undecene (DBU) and pyridine. Among these, an
organic base 1s preferred, and triethylamine and diethylamine
are particularly preferred. The base can be used 1n an amount
of preferably from 1 to 100 mol, more preferably from 1 to 10
mol, per mol of the aryl halides, heteroaryl halides or alkenyl
halides. The base can trap a hydrogen halide that 1s a by-
product.

Usually, an organic solvent 1s used as the reaction solvent.
Examples of the reaction solvent which 1s preferably used
include an aromatic hydrocarbon-based solvent such as tolu-
ene, an amide-based solvent such as acetonitrile, N,N-dim-
cthylacetamide and N,N-dimethylformamide, an ether-based
solvent such as tetrahydrofuran, and pyridine. Among these,
an amide-based solvent with good solubility 1s preferably
used. In the case where the solubility of alkynes or alkenes
and aryl halides, heteroaryl halides or alkenyl halides 1s low,
tetrahydrofuran or the like may be added as an auxiliary

solvent to make a mixed solvent.

The temperature during the coupling reaction 1s usually
from O to 150° C., preferably from 20 to 130° C., more
preferably from 20 to 110° C. The reaction may be performed
under an air atmosphere but usually, 1s preferably performed
under an inert gas atmosphere. Examples of the inert gas
include a rare gas such as argon and helium; and a nitrogen
gas. The pressure during the reaction may be appropnately
selected according to the kinds of aryl halides, heteroaryl
halides or alkenyl halides and alkynes or alkenes, and 1s
usually from 0.0001 to 100 MPa, preferably from 0.001 to 10
MPa, more preferably from 0.01 to 1 MPa.

In the present invention, before distillatively purifying the
crude product obtained i the coupling reaction above, sol-
vent extraction can be performed. The extraction conditions
are not particularly limited as long as impurities such as
catalyst can be removed. For example, first, an acid such as
dilute hydrochloric acid (an aqueous solution of hydrogen
chloride) and an organic solvent such as methylcyclohexane
are added to the crude product obtained 1n the coupling reac-
tion to thereby perform extraction. Water 1s added to the
organic phase obtained in the extraction above to thereby
perform extraction. To the organic phase resulting from this
extraction, a base such as aqueous sodium hydrogencarbon-
ate solution and aqueous ammonia 1s added to perform extrac-
tion. Furthermore, an aqueous sodium chloride solution 1s
added to the organic phase resulting from the extraction above
to thereby perform extraction. Finally, the solvent i1s, for
example, evaporated from the organic phase obtained by the
extraction, whereby the concentration 1s adjusted to that suit-
able for distillative purification.

In the present invention, the crude product obtained 1n the
coupling reaction above or the crude product after a solvent
extraction treatment thereof 1s distillatively purified. The dis-
tillative purification must be performed in the presence of a
compound having at least one NC=—S group. The concentra-
tion method 1nvolving heating at a high temperature 1s also
preferably performed in the presence of a compound having
at least one NC=—S group.

Examples of the compound having at least one NC=—S
group include dithiocarbamic acid and 1ts salts, thioureas,
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O-alkyl thiocarbamates, thiuram monosulfides, and thiuram
disulfides. Among these, dithiocarbamates and thioureas are
preferred.

Examples of the dithiocarbamates include zinc dimeth-
yldithiocarbamate, sodium dimethyldithiocarbamate, bis-
muth dimethyldithiocarbamate, calctum dimethyldithiocar-
bamate, copper dimethyldithiocarbamate, lead
dimethyldithiocarbamate, selenium dimethyldithiocarbam-
ate, sodium diethyldithiocarbamate, ammonium dieth-
yldithiocarbamate, copper diethyldithiocarbamate, lead
diethyldithiocarbamate, selenium diethyldithiocarbamate,
tellurium diethyldithiocarbamate, zinc dibutyldithiocarbam-
ate, sodium dibutyldithiocarbamate, dibutyl ammonium
dibutyldithiocarbamate, zinc dibenzyldithiocarbamate, zinc
methylphenyl dithiocarbamate, zinc ethylphenyl dithiocar-
bamate, zinc pentamethylene dithiocarbamate, calcium pen-
tamethylene dithiocarbamate, lead pentamethylene dithio-
carbamate, sodium pentamethylene dithiocarbamate, and
piperidine pentamethylene dithiocarbamate. The dithiocar-
bamate 1s preferably a sodium salt.

Examples of the thioureas include thiourea, 1,3-dimeth-
ylthiourea, 1,3-diethyl-2-thiourea, 1-acetyl-2-thiourea, 1-al-
lyl-3-(2-hydroxyethyl)-2-thiourea,  1-amidino-2-thiourea,
1,3-diethylthiourea, 1,3-diphenylthiourea, 1,3-dibutylthio-
urea, 1,3-dimethylthiourea, tributylthiourea, trimethylthio-
urea, 1,3-bis(dimethylaminopropyl)-2-thiourea, tetrameth-
ylthiourea, and N-methylthiourea.

The compound having at least one NC=—S group 1s used in
an amount of preferably from 0.1 to 2 mol %, more preferably
from 0.2 to 0.5 mol %, based on the aryl-, heteroaryl- or
alkenyl-substituted unsaturated hydrocarbons contained 1n
the crude product before distillation. If the amount of the
compound having at least one NC=—S group 1s too small, the
yield of aryl-, heteroaryl- or alkenyl-substituted unsaturated
hydrocarbons 1s liable to decrease. If the amount of the com-
pound having at least one NC=—S group 1s excessively large,
the reduction reaction (hydrogenation reaction) or cyclization
reaction using, as the raw matenial, the aryl-, heteroaryl- or
alkenyl-substituted unsaturated hydrocarbons obtained by
the distillative purification tends to be suppressed from pro-
ceeding.

The method for distillation 1s not particularly limited, but
in the present invention, distillation under reduced pressure 1s
preferred. By performing distillation under reduced pressure,
evaporation can be accelerated while keeping the aryl-, het-
ceroaryl- or alkenyl-substituted unsaturated hydrocarbons
from being overheated.

The distillation apparatus applicable to the present mnven-
tion 1s not particularly limited, and examples thereof include
a simple distillation apparatus, a shelf plate tower and a
packed tower. The distillation temperature and distillation
time can be appropriately determined according to, for
example, the boiling point of the aryl-, heteroaryl- or alkenyl-
substituted unsaturated hydrocarbons obtained in the reaction

above, the boiling point of the compound having at least one
NC=—S group added, or the boiling point of the solvent.

EXAMPLES

The present mvention 1s specifically described below by
referring to Examples and Comparative Examples, but the
present invention 1s not limited to these Examples. Unless
otherwise indicated, the parts and % are on the mass basis.

In Examples and Comparative Examples, the concentra-
tion of the target in the crude product was determined by

HPLC analysis.
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Conditions of HPLC Analysis

Column: Waters Symmetry C,, 5 um 4.6x150 mm
lTemperature: 50° C.
Flow rate: 1 mL/min
Wavelength: 245 nm
Mobile phase
H,PO,=550:450:1

Internal standard: benzophenone

Also, i1dentification of the target was performed by

"H-NMR analysis.

composition: MeCN:H,0:10%

Example 1

A reaction vessel was charged with 82.43 g of bromoben-
zene, and 250 ml of N ,N-dimethylformamide and 84.7 g of
triethylamine were added thereto. The 1nside of the reaction
vessel was purged with nitrogen.

Subsequently, 2.3 g of tetrakis(triphenylphosphine)palla-
dium and 1 g of copper(l) chloride were added, and the
temperature was elevated to 100° C. While keeping the tem-
perature at 100° C., 34.06 g of 1-pentyne was added dropwise
over 2 hours. After the completion of dropwise addition,
stirring was performed further for 2 hours while keeping the
temperature at 100° C. The obtained solution was cooled to
room temperature, and 335 ml of 10% hydrochloric acid was
added. This mixture was stirred for 30 minutes and then
extracted with methylcyclohexane. Water was added to the
obtained organic phase to thereby perform extraction. Fur-
thermore, an aqueous 4% sodium hydrogencarbonate solu-
tion was added to the obtained organic phase to thereby
perform extraction. Subsequently, an aqueous 10% sodium
chloride solution was added to the obtained organic phase to
thereby perform extraction. Finally, the solvent was removed

by distillation from the obtained organic phase to obtain
Crude Product (I).

Crude Product (I) obtained above and sodium N,N-dieth-
yldithiocarbamate trihydrate 1n a ratio to account for 1 mol %
based on 1-phenyl-1-pentyne contained 1n Crude Product (I)
were charged into a tlask equipped with a reflux vessel and
alter elevating the temperature to 160° C., the contents were
heated at 160° C. for 120 minutes under normal pressure. The
obtained solution was cooled to room temperature and then
subjected to distillation under reduced pressure at a tempera-
ture of about 96° C. and a pressure of 1.0 mmHg. The yield of
1-phenyl-1-pentyne was 64.9%.

Comparative Example 1

Crude Product (I) was obtained 1n the same manner as in
Example 1. Crude Product (I) was charged imto a flask
equipped with a reflux vessel and after elevating the tempera-
ture to 160° C., heated at 160° C. for 120 minutes under
normal pressure. The obtained solution was cooled to room
temperature and then subjected to distillation under reduced
pressure at a temperature of about 96° C. and a pressure o1 1.0

mmHg. The yield of 1-phenyl-1-pentyne was 50.3%.

Example 2

Crude Product (II) was obtained 1n the same manner as in
Example 1 except that 34.06 g of 1-pentyne was changed to
42.06 g of 1-pentyne-3-ol, and 1t was subjected to heating and
distillation in the same manner as in Example 1. The yield of
1 -phenyl-1-pentyne-3-o0l was 58.0%.

Comparative Example 2

Crude Product (II) was obtained 1n the same manner as 1n
Example 1 except that 34.06 g of 1-pentyne was changed to
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42.06 g of 1-pentyne-3-ol, and 1t was subjected to heating and
distillation 1n the same manner as 1n Comparative Example 1.

The vield of 1-phenyl-1-pentyne-3-o0l was 10.9%.

Example 3

Crude Product (I111) was obtained 1n the same manner as in
Example 1 except that 34.06 g of 1-pentyne was changed to
42.06 g of 1-pentyne-4-ol, and 1t was subjected to heating and

distillation in the same manner as in Example 1. The yield of
1 -phenyl-1-pentyne-4-ol was 63.2%.

Comparative Example 3

Crude Product (I111) was obtained 1n the same manner as in
Example 1 except that 34.06 g of 1-pentyne was changed to
42.06 g of 1-pentyne-4-ol, and 1t was subjected to heating and
distillation 1n the same manner as in Comparative Example 1.
The yield of 1-phenyl-1-pentyne-4-ol was 10.0%.

Example 4

Crude Product (IV) was obtained 1n the same manner as in
Example 1 except that 34.06 g of 1-pentyne was changed to
42.06 g of 2-methyl-3-butyne-2-ol, and 1t was subjected to
heating and distillation 1n the same manner as 1n Example 1.
The yield of 1-phenyl-3-methyl-1-butyne-3-ol was 57.2%.

Comparative Example 4

Crude Product (IV) was obtained 1n the same manner as in
Example 1 except that 34.06 g of 1-pentyne was changed to
42.06 g of 2-methyl-3-butyne-2-o0l, and it was subjected to
heating and distillation in the same manner as in Comparative
Example 1. The yield of 1-phenyl-3-methyl-1-butyne-3-ol
was 53.8%.

As mentioned above, it 1s seen that 1n the case where a
compound having at least one NC=—S group, such as dithio-
carbamate or thioureas, 1s added to the coupling reaction
product of aryl halides, heteroaryl halides or alkenyl halides
with alkynes or alkenes, even when extra heat 1s added by
heating under normal pressure and then distillative purifica-
tion 1s performed, the coupling reaction product remains
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without undergoing decomposition, and the yield 1s high. On
the other hand, 1n the case of not adding a compound having
an NC=—S group, the coupling reaction product 1s decom-
posed due to heat 1n the heating under normal pressure and the
distillative purification, and the yield 1s decreased.
While the invention has been described 1n detail and with
reference to specific embodiments thereot, 1t will be apparent
to one skilled 1n the art that various changes and modifications
can be made therein without departing from the spirit and
scope of the invention.
This application 1s based on Japanese Patent Application
No. 2009-1888359 filed on Aug. 18, 2009, the contents of
which are imncorporated herein by way of reference.
The mvention claimed 1s:
1. A method for producing aryl-, heteroaryl- or alkenyl-
substituted unsaturated hydrocarbons, comprising:
reacting aryl halides, heteroaryl halides or alkenyl halides
with alkynes or alkenes in the presence of a palladium
catalyst to obtain a crude product, and subsequently

distillatively purifying said crude product 1n the presence
of a compound having at least one NC=—S group.

2. The method for producing aryl-, heteroaryl- or alkenyl-
substituted unsaturated hydrocarbons according to claim 1,
wherein the compound having at least one NC=—S group 1s
dithiocarbamates or thioureas.

3. The method for producing aryl-, heteroaryl- or alkenyl-
substituted unsaturated hydrocarbons according to claim 1,
wherein extraction with solvent 1s performed after the reac-
tion of aryl halides, heteroaryl halides or alkenyl halides with
alkynes or alkenes but before said distillative purification.

4. The method for producing aryl-, heteroaryl- or alkenyl-
substituted unsaturated hydrocarbons according to claim 1,
wherein the compound having at least one NC=—S group 1s
used 1 an amount of 0.1 to 2 mol % based on aryl-, het-
croaryl- or alkenyl-substituted unsaturated hydrocarbons
contained 1n the crude product before distillation.

5. The method for producing aryl-, heteroaryl- or alkenyl-
substituted unsaturated hydrocarbons according to claim 1,
wherein the compound having at least one NC=—S group 1s
used 1 an amount of 0.2 to 0.5 mol % based on aryl-, het-
ceroaryl- or alkenyl-substituted unsaturated hydrocarbons
contained 1n the crude product before distillation.
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